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ance Abstract 


an, P. H. 

9. Site index and height growth curves for managed, eve: 
tands of Douglas-fir east of the Cascades in Oregon and 
'ashington. USDA For. Serv. Res. Pap. PNW-2S1, 16 p. , il 
'acific Northwest Forest and Range Experiment Station, Po 
iregon. 

Height growth and site index curves and equations for ma 
aged stands of Douglas-fir (Fseudotsuga nenziezii (Mirb. 
:o) east of the Cascade Range in Oregon and Washington ar 
nted. Data were collected in stands where height grow T th 
ently has not been suppressed by high density or top dam 

>RDS: Increment (height), site index, stem analysis, eve 

stands, Douglas-fir, Fseudoisuga menziesii , Oregon 
(eastern) , Washington (eastern) . 
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arch Paper PNW-251 


;ight growth and site index 
*s and equations for managed, 
■aged stands of Douglas-fir 
idotsuga menziesii (Mirb.) 

:o) east of the Cascade Range 
•egon and Washington were 
red from stem analysis data 
22 sample plots in Oregon 
lO sample plots in Washington. 


known site index. Site 
curves give estimates o 
index of managed stands 
only present breast hei 
and present total heigh 
available. 

The appropriate curv 
vide valid estimates of 


1 lULLUi>, X IU- V UV u ut, 

>nt the average of existing 
1 The height growth 
are most appropriate for 
constructing yield tables 
laged, even-aged stands of 
;-fir or mixed conifers 
)ouglas-fir is a significant 
>nt. 

;e results stem from a 
indertaken as part of the 


inmerfield, Edward R. Site 
id height growth of Douglas- 
ponderosa pine in eastern 
on. Washington State Depart- 
Natural Resources Report 38 
iaration for publication). 


panded Research and Develop 
Program. The purpose of th 
study was to determine pote 
production of stands suscep 
to attack by tussock moth. 

Curves are based on meas 
ments of the tallest tree f 
breast high age in a 1/5-ac 
plot. 


Contents 

INTRODUCTION . 

METHODS. 

Data Collection. 

Curve Construction . 

RESULTS. 

ESTIMATING SITE INDEX. 

ESTIMATING THE COURSE OF HEIGHT GROWTH 
FOR STANDS OF A GIVEN SITE QUALITY . 

APPLICATION. 

LITERATURE CITED . 

APPENDIX . 

Site Index Curve Construction. . . . 
Height Growth Curve Construction . . 


1 

1 

1 


3 

3 


6 

8 

8 

9 

9 

12 













gton is in mixed conifer 
s.2 Douglas-fir ( Pseuioi- 
enziesii (Mirb.) Franco) is 
ary component of many of 
forests occurring either in 
tands or mixed primarily 
hite fir ( Abies concolor 
§ Glend.) Lindl.), grand 
bies grandis (Dougl.) 

), western larch ( Larix 
ntalis Nutt.)> or ponderosa 
Pinus ponderosa Laws.), 
te index and height growth 
presented here are for 
s-fir in pure or mixed, 
ged, managed stands where 
vely low density, lack of 
mage, and absence of vege- 
competition early in the 
f the stand permit full 
development. 


lanaged stand is being 
lated toward some goal, 
y a "target" average diam- 
nd height within a set time 
To attain these goals, 
nager will often use some 
ation of precommercial and 
cial thinnings and perhaps 
suppression of competing 
tion. 


stands exist that have been 
such management throughout 
tion. Therefore, I delib- 
y chose stands for sampling 
pproximated densities be- 
desirable in managed stands, 
rely the average of existing 
Height growth from 4.5 
ipward was apparently never 
d by stand density, vege- 
competition, or top damage 
se stands.3 


are useu m construction 
tables for describing toj 
as a function of age and 
index. Site index curve* 
used to determine an inde 
potential production fror 
height and age (Curtis el 
1974). 

Methods 

Data Collection 

Data came from thirty- 
1/5-acre circular plots i 
with these characteristic 



Figure 1.—Distribution of pi 
in construction of curves } 
Douglas-fir. 


1. The average breasl 
age was greater than 50 ) 
At ground line, the ages 
youngest trees were at 1< 



The crown canopy was 
d or nearly closed at the 
of sampling. Stumps were 
t; and mortality, if evident, 
ue to suppression and was 
than S percent of the plot 
e. Volume growth patterns 
he plot detei'mined from 
analysis of at least 12 
e trees across the range of 
ter classes indicated that 
ighest periodic annual 
e increment had occurred 
n the last 5 to 15 years. 

factors indicate that there 
o severe competition between 
in the past. 

The dominant trees on the 
did not contain a group of 
w annual rings, which would 
ate stress in the past. 

Trees were not infected 
disease, and no visible 
of insect defoliation were 
at. 

Dominant trees did not 
it crook in the bole, and 
aodal lengths did not in- 
5 past top damage. Some 
were rejected after sampling 
se abrupt breaks in the 
t growth curves suggested 
3ntial top damage 30 or 
rears earlier, even though 
damage was not apparent at 
Line of selection. 

Clumps of trees were not 
;d. The plots were in 
meous stands, and each 
lad a buffer strip equivalent 
ith to tree height. 

imeter at breast height 
i.) was measured for each 
in each plot, and 12 to 15 
of each species on each 


for construction of the s: 
and height growth curves 1 
in the volume determinatii 
Past volume and basal are; 
for nonsample trees on thi 
were predicted from their 
areas. Deliberately usinj 
tallest tree in forming tl 
predictive equations woul< 
produced a biased overest: 
of volume growth. 

The three to five talli 
Douglas-fir trees at the 1 
sampling were sectioned ai 
1-foot stump, at 4.5 feet 
10 feet, and then at 10-ft 
intervals up the stem aft< 
total height was measured 
tions at ground line were 
taken from at least two oi 
largest diameter trees, tv 
the smallest diameter tree 
one tree with close to the 
diameter. Rings were cour 
for all sections and recoi 
for the appropriate heighl 


Curve Construction 

An age of 50 years at l 
height [4.5 feet) was chos 
the index age. For each j 
heights of the three to fi 
tallest trees were plottec 
function of bh age^ for ee 
on a single sheet of graph 
The bh age for each tree v 
as the independent variabl 
the initial plotting rathe 
average bh age because hei 
growth from 0 to 4.5 feet 
to be greatly influenced b 
petition immediately adjac 
a seedling and perhaps by 
animal damage. Thus, it i 
possible for dominant tree 



i differ as much as 10 years 
i feet. Use of an average 
: for plotting heights 
:s in an underestimate of 
:ight growth potential of 
.te under management. Shifts 
: tree of maximum height for 
1 age among the sample trees 
■ed on 50 percent of the 
Freehand curves were 
for each tree and the 
;t points at each decadal 
iterval were used in sub- 
lt construction of curves, 
index for each plot was 
:d as the tallest height 
age 50. This procedure 
)les that of Dahms (1963), 

: that Dahms used an average 
>r the plot as the independ- 
iriable in plotting the 
; of height growth for the 
it trees. 

)m this point, the method- 
outlined by Barrett (1978) 

;d; it includes the recent 
/ements in curve construction 
Is suggested by Curtis et al. 

I and Dahms (1975). A brief 
ie is presented in the 
Jix. 

r the 10 sample plots in 
lgton, site indexes ranged 
j5 to 105.4. The 22 sample 
in Oregon had site indexes 
tg from 52.7 to 106.4. The 
?e site index was 84.47: 


construction. Some undei 
of curve construction le; 
appreciation of how they 
be used so the appendix : 
mended reading even for i 
casional user. 

Estimating Site Inde 

Site index curves are 
indicate the potential pi 
of land. The curves heri 
estimated height of the ' 
tree when the breast higl 
that tree is 50 years. ] 
the same plot qualificat: 
in this study are applic; 
selecting plots for measi 
site index. The follows 
and procedures are recomi 
for estimating the site 
a managed stand. 

1. Select suitable p: 
the following characters 

(a) Even-aged at the 
line (practically, th' 
no older remanents fn 
stands and the presen 
is one storied). 

(b) No visible signs 
disease or insect att 
reduce height growth. 

(c) No narrow ring g 
indicate suppression. 


Number Site (d) Consistent inter 

of plots Index lengths on taller tre 


4 

50-59 

(e) No remnant under 

4 

60-69 

vegetation or suppres 

3 

70-79 

mortality to indicate 

3 

80-89 

petition early in the 

13 

90-99 

of a stand. 

5 

100-110 



2. Establish boundar 


?ternine a site index value for cedure in a calculs 
ich tree by one or more of the appropriate equatic 
>llowing alternatives. appendix can be use 


(a) Use figure 2 for rough 6- Record as the s 

field estimates. value for the plot, th 

of the three to five v 

(b) Obtain a more precise determined, 

estimate by using the appro¬ 
priate a and b values in 

table 1 to solve the equation, 

























natmg r no course or 
fit Growth for Stands 
Given Site Quality 

ight growth curves define 
rerage pattern of height 
ipment for the tallest trees 
inds of a given site quality, 
ire appropriately used for 
ruction of yield tables but 
: provide optimum estimates 
:e index from measured 
: and age in an existing 
(Curtis et al. 1974). 


llli V/ V U.O- A J. V W .A. J 

estimating the anticipate 
of the tallest trees of t 
on land of known site inc 

1. Rough field estime 
through use of figure 3. 

2. A more precise est 
using aj and bj values ir 
in the equation, 

Height - 4.5 feet = 

a^ + b^ (site index - 4. 

3. An estimating proc 
programed in a calculator 
the equation shown in the 


Site index 
(feet) 
.110 

/* 

... 100 

. 90 


,.80 

...70 

Figure 3.—Height growt 

for the tallest trees 


even-aged, stands of D, 

...60 

east of the Cascades 


Pacific Northwest. 


50 




































t/ui/vn 

tliis study, site index is 
her representing the height 
e tallest tree for its 
t-high age of 50 years on 
-acre plot. Since site has 
found to he closely cor¬ 
ed with volume (Spurr 1952), 
index (as discussed here) 
later be used in a yield 
to categorize volume pro- 
vity potentials of managed 
s of Douglas-fir east of 
:iscades . Height objectively 
:ts site where undamaged 
s are not overstocked, 
s managed for maximum pro- 
3n of usable wood, in con- 
to natural stands, probably 
lot be overstocked to the 
of substantially reducing 
t growth. Therefore, use 
?se curves should be re¬ 
ted to even-aged stands 
height growth competition 
?n trees has been held to 
inura. 

>ical examples of when the 
; should not be used are: 

Precommercially thinned 
; showing a tight core of 


Commercially thinned 
; with numerous stumps in- 
ng a high initial density. 

Plantations with large 
s of trees, thinned long 
severe competition between 
occurred. 

Stands that have been 
ted to Douglas-fir tussock 
spruce budworm, or other 
attacks that resulted in 
f top growth. 


models. .stand project 10 : 
assign appropriate lesse 
to other than the talles 
in the stand. This prob 
height assignment is cur 
being investigated. 

A partial judgment of 
reliability of the curve: 
be made by the values 
the standard errors of tl 
estimates shown in the a] 
Equation fit can be judge 
figures 8 and 9 in the aj 
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Figure 4.—b values in equat 
SI - 4.5 feet = a + b (HT 
as a function of age. Poi: 
actual b values. Solid li\ 
curve expressed by the eqw 
h = 0.52022 - 0.0013194 ag 
27. 2823/age. 


Breast-high age (years) 

A 

The resulting b values are those appearing in table 1. 

The following equation (with a standard error of 0.54 
- of 0.9999), expressing decadal mean heights as a funct 
, was conditioned to pass through mean site index (SI = 8' 
years (fig. 5): 

' , _ (-0.37496 + 1.36164(log age) -0.00243434(log : 

HT - 4 . a = e v b e * s e 

e HT is an estimate of HT. At ages beyond 50 years, the : 
ame progressively smaller and mean site index was slightl; 
rage heights were adjusted to the mean overall site index i 
values of the individual regressions of 

HT - 4.5 = a : + bj (SI - 4.5) 

each decade in the equation, 

Adjusted average height - 4.5 feet = a-^ + b.^ (84.4 7 - ■ 



Figure 5.—Average height of sectioned trees 
as a function of breast-high age. Points 
are average heights - 4.5 feet. Solid 
line is curve expressed by the equationj 


HT - 4.5 feet = 

(-0.37496+ 1.36164 (log age) -0.00243434 

8 4 8 

(log^age) ). 


T and the smoothed slope b of regressions for each year v 
d to calculate the corresponding intercept a: 

a = SI - 4.5 - b (HT - 4.5) . 


values appear in table 1. 

ubstitutina expressions for a, b, and HT in the basic eqi 


ion, 

HT - 

4.5 = 

a l + b l 

(SI - 4.5); 


following 

estimates 

were obtained: 



Ireast-high 
ige (years) 

h 

h 

2 

r“ 

Standard error 
of the estimate 

Numbe: 

observai 

10 

5.3429 

0.1177 

0.3803 

2.50 

32 

20 

.6967 

.4103 

.7681 

3.75 

32 

30 

-1.5405 

.6584 

.9096 

3.45 

32 

40 

-1.8455 

.8576 

.9713 

2.45 

32 

50 

0 

1 

1 

0 

32 

60 

3.4273 

1.0950 

.9831 

2.40 

30 

70 

6.1089 

1.1837 

.9519 

4.53 

28 

80 

2.8416 

1.3477 

.9498 

5.51 

18 

90 

9.5137 

1.3358 

.9486 

5.43 

10 

100 

10.4112 

1.3889 

.9399 

6.13 

10 


. The above decadal estimates of b 1 were smoothed over ag 
. 6) by the equation, 


-0.2828 + 1.87947(1 


e -0.022399 age^ 


0.966998 


resulting bp values are those appearing in table 2. The s 
r and R 2 values are 0.0278 and 0.9969 for this equation whi 
ed through a bp value of 1 at age 50 years. These standar 
R 2 values are not measures of variation within the samplec 
on; they are given merely to show how well the fitted equs 
ribed the actual slope values for each decadal age. 


i. The same expression for decadal height used in determii 
'X was used again with the mean site index (SI = 84.47) in 
•rangement of the basic equation, 

a x = HT - 4.5 - b (Si - 4.5) 
iroduce the ap values shown in table 2. 

Appropriate rearrangement and substitution for ap, bp, 
;he basic equation give the final equation used to estimati 
i function of age and site index as shown in figure 2: 


T = 4 5 + e (-0 •37496 + 1.36164 (log e age) -0.00243434 (log ag 

-0 022399 ape 0-966998 

79.97 (-0.2828 + 1.87947 (1 - e a 2 e ) 


Breast-high age (years) 


Figure 6. — b 1 values in the equation HT - 4.5 
feet = a + b. (SI -4.5 feet) as a function 
of age. I Points are actual b^ values. Solid 
line is expressed by the equation, 


= -0. 2828 + 1.87947 (1 - e 


-0.022399 age ) 0. 966998 


aphic comparison between site index and the height growth 
is shown in figure 7. 



Breast-high age (years) 


Figure 7.—Site index (solid lines) and 
height growth curves (dashed lines) 
for managed, even-aged stands of 
Douglas-fir east of the Cascades in 
the Pacific Northwest. 


final estimating equations for both site and height fit 1 
data regression points well (figs. 8 and 9). 


Breasl-high age (years) 

Figure 8.—Site index curves for managed. 
even-aged stands of Douglas-fir east 
of the Cascades in the Pacific North¬ 
west. Solid lines connect decadal 
points derived from the unsmoothed 
basic data regressions of the equation 
SI - 4.5 = a + b (HT - 4.5). Dashed 
lines represent smooth curves from 
the following rearrangement of the 
estimating equation, 

HT - 4.5 + ((SI - 84.47) + (0.52032 

- 0.0013194 age + 27.2823/age)) 

(e (-0.37496 + 1.36164(log e age) 

-0. 00243434(log e age) 4 ) )/(0 ' 520Z2 




Breast-high age (years) 


Figure 9.—Height growth curves for 
managed, even-aged stands of Douglas- 
fir east of the Cascades in the 
Pacific Northwest. Solid lines 
connect decadal points derived from 
unsmoothed basic data regression of 
the equation, 

HT - 4.S=a 1 +b 1 (SI - 4.5). 

Dashed lines represent smooth 
curves from the estimating 
equations. 


index and height growth curves for managed, even- . 1979. Site index and height growth curves for t 
ds of Douglas-fir east of the Cascades in Oregon . aged stands of Douglas-fir east of the Cascadi 
ngton. USDA For. Serv. Res. Pap. PNW-251, 16 p., . and Washington. USDA For. Serv. Res. Pap. PNI 
acific Northwest Forest and Range Hxperiment . illus. Pacific Northwest Forest and Range Uxj 
i’ortland, Oregon. . Station, Portland, Oregon. 
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The mission of the PACIFIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION is to provide the knowl¬ 
edge, technology, and alternatives for present and future 
protection, management, and use of forest, range, and related 
environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

1. Providing safe and efficient technology for inventory, 
protection, and use of resources. 

2. Developing and evaluating alternative methods and levels 
of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of the research are made 
available promptly. Project headquarters are at: 


Anchorage, Alaska 
Fairbanks, Alaska 
Juneau, Alaska 
Bend, Oregon 
Corvallis, Oregon 


La Grande, Oregon 
Portland, Oregon 
Olympia, Washington 
Seattle, Washington 
Wenatchee, Washington 


Mailing address: Pacific Northwest Forest and Range 
Experiment Station 
P.O. Box 3141 
Portland, Oregon 97208 



